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ABSTRACT

This report presents the long term (time delays in excess of

100 second_) autocorrclation functions of Echo (I and :I) reflected

signals. These ACF's are analyzed for possible long term periodicity

in the receive, signal. A periodicity on the order of 100 second= has

been observed in an earlier analysis of _cho II reflected _ignals. In

this analysis, however, no such periodicity has been observed,

Several possible reaBons are presented for these find!r,_s that differ

i'rom the earlier ones. Recommendations ark also made for obtaining

more significant results about the possible rotation rate of the Echo
satellites,
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TI_; LONG TERM AUTOCCRRELATION FUNCTIONS

OF ECHO REFLECTED SIGNALS

I. INTRODUCTION

There is but one autocorrelation function, AC]£, of a given function,

f(t);ACF is defined _.s

T/Z

1 _ f(t)f(t+T_dt,
(I) _5(_)= Lira -_ O-T/ZT -_

where T is the time delay by which f(t)is shifted relative to itself, and

T is the sarnple length taken from f(t)o Ideally T should be infinite;prac-

tica!!y T is very _ach finite. Furthermore, in practice the indicated

limiting process is neglected. Thus, instead of the exact value of ACF

given in Eq. (i), in practical situations one usually obtains some statistical
estimate of it. Further, it is convenient :_ divide the statistical estimates

of the ACF according to the length of T from which they were prepared.

ACFts prepared from 30-coo-long samples (with corresponding maximum

time delays, Tma x -" 3 sec) were called short-ter-n ACFVs. The ACF_s

presented in this report were prepared from Z00-sec or longer sample

lengths and Xrnax = T. Hence the descriptive na_ne long-term.

The function f(t)was the detector output in the receiving system of

the Satellite Cornmunications Center of the Antenna Laboratory, The Ohio

State University, Columbus, Ohio. This output directly corresponds to

the instantaneous value of the received power. The received signal was

cw at 2260 mc/sec: ;t originated from ,.he Space Communications Facility

of Collins Radio Company at Dallas, Texas; and it was reflected by the

orbiting Echo (Iand II) satellites. Five Echo II revolutions were selected

for analysis: 2626, Z653, 2816, 3040, and 3483; these are representative
of data collected on revolutions 2000 - 3500. Two Echo I revolutions are

included for comparison: 18,166 and 18,966, These were selected from

passes which occurred during the same tixne as the five Echo II revolutions.

The purpose of this report is to present the long-te1'm ACF of Echo-

reflected signals and to analyze these in order to ascertain possible long-

1
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term periodicity in the received signal. The pertinent points in the

reduction o_ c_a w_!l be discussed; rno_-e detailed de_:>criptionhas been

given elsewhere_ _ De3criptlons of the receiving and transmitting sites
are also available. _.3

T!. DISCUSSION

is an established fact that the ACF of a periodic function is

periodic. If the function f(t)in E_q. (i) contains a periodic component

varying with an_ol/larfrequency, oao' then for very long T the ACF w{_

also contain a component varying at ab. This can be readily ve _'fiedby

letting f(t)= sin oatin Eq. (I), resultiag in an ACF which is prop rtional

to cos oat_ This periodicity is al_o present for periodic f_Inctions which

are not as smoothly varying as the sine function. Consider, for example,

a function which is mostly randomly varying but which has a fixed value

for some short time interval and these fixed values occur, say, i00

seconds apart. The ACF of such a function would have peaks at T = 0,

I00, ZOO, ... etc; and the time bet"ween peaks, or values of high correla£ior

would be the same I00 sec as in the original function. In this sense the AC

of such a function would also be periodic.

This search for periodicty in the Ech _ reflected signals originated

with observation of early telemetry transmissions from the beacons on

Echo fl. There are two beacons mounted on the equator of this satellite

which operate on slightly different frequencies. It has been observed that

transmissions from the beacons fade out alternately and periodically. Fror

this fact and from the knowledge of the location of the transmitters and the

transmitting patterns of the antennas, a rotational period of approximately
i00 seconds has been calculated for Echo II. It is not known whether Echo

I is rotating. Another phenomenon, independent of b_acon transmission,

which has been repeatedly observed at this laboratory can be readily ex-

plained by pos1_ulating that Echo II is rotating. While tracking Echo II it

has been observed that the amplitude sci_tillation rate, which is normally

about I0 maxima and minima per second, slowed down considerably to one

or less maxin_um and minimum per second. The scintillations and their

rate have been explained in terms of the doppler frequencies associated

with a moving rough surface. 4 Very slow fades or few or no scintillations

should then correspond to no Doppler shift. It i_ eas F to see that the no

Doppl¢r shift condition corresponds to viewing the rotating sphere at an

angle which is small when measured from the ;_¢is of rotation_ The problez

of determining the orientation of the axis of ro_atlon can be solved by con-

sidering the mechanics of rotating bodies in e gravitational field. For the

purposes of this report it is sufficient to stat_ that this axis is most likely

2
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sta_i!ized in space. Thus, it would be possible for an observer t(:s_e

the satellite_ at least son-_etime, along its axis of rotation. A 8a_rlple

of the recording proportional to th_ received signal strength is shown in

Fig. I, To date, the onJy explanation found for the marked chang in

fading rate seen Jr:this recordi_.g is that the satellite was observed in a
direction which is close to the orientation of its ax_s of ro_ation at the

_ime the very slow fades occurred. Thus, having two independent argu-

ments for the rotation of Echo II (telemetry data and fading rates), it was

expected that the long-term ACF would be a means of measuring the rota-

tion rate. This investigation was successful with monos_atic signals, s

In this report the inves'tigation is extended to signals reflected bistattcally.

III. EXPERIMENTAL DATA

The output of the detector was recorded on a magne_+ic tape and

on a paper chart (see Fig. 1). From the magnetic tape recording a high-

speed oscillographic chart was prepared v _ :_ i:'_i_,d_:_the data talcen

duri=.g the pass and the calibration ,_ft_'-',receiver and detector. ,r,._

calibration was plotted and suffici,e_ points f_-om the graph we::'eobtained.

Using _hese points a tenth-order :c,:,.;/nomialapproximation v,=,_made to

the calibration curve. The coeff;c[ents ,_fthe polynomial were c_ed to

remove the nonJinea_-ities fronl t_, data _haL were caused by tl, eceiver

and detector. The oscillograph ,=,_ a_npled five times per se_- d and

a number ranging from 0 - I00 wz_ assigned to the deflection ",:__ed by

the sigma]. These points were tra,_fe_'red to punch-cards ao:_ IBM

7094 _;,,asused to corapute the stati_t_e3.1estimate of the AC_ _ ._iore details

of the data reduction and the compute :,rograrn for the _a_":F_ _ given in
Reference I.

The output of the computer was plotted_ _,,ese ,_;r::! h_,_ are shown in

Figs. 3-9. All the graphs are normalized to unity z:_.d :L:ey are all zero for

T max. Since v max was equal to T, it follows that the ACF approaches zero

as V "*T max- Since some of the sample lengths were only about Z00 seconds,

it was decided to let v max -* T: the resulting triangular function was removed

from the ACF_s. The procedure i_ illustrated in Fig. Z. Figure 2a shows

the ACF of f(t) where f(t) = 1 for 0< t< 1, and f(t) = 0 elsewhere. Figure 2b

is the same ss Fig. 2a except the amplitude of f(t) is randomly varying. In

Fig. Zc Ca(T) and Cb('r) ar _. plotted to the same scale. The values of q_ are

read at points Pi and the value of q_b(T) is divided by Ca(_). The result is the

right-hand plot in Fig, Zc, in which it is seen that the trianEular function has

been effectively removed, Since Ca converges to _b as T -* V max, little

attention should be paid to the corrected _(T) plot in the immediate vicinity

of _max- This method of correcting the ACT for the superimposed triangular

3
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function b _been _uplie@ to ]_lgs. 3-9. The corrected ACF'3 are shown

in Figs. in-16.

The long-term ACFfs shown tu Fige_ 3-9, and the adjusted ones
shown in Figs. 10-16, were examined for periodicity. Itcan be said that

none of _he figures show any apparent period'_cltythat could be correlated

with the claimed lO0-second zotatlcnalper_oo or with any raultipleor sub-

multiple of that period. This observation is con_:isteutly true for Echo I
and Echo ii data. The apparent lack of this (,eriodici_y however, does not

contradict earlier ftndings_ 5 The data utilized 'n this =port were differ-
ent from the data on which the earlier findings were based _.n at least two
respects: the qample !eugth _as considerabl_r shorter and the reflection at
the ssteHites was btstatic (maximum blstat_c angles were on the order of

100 degrees). The possibility that Echo II has stopped rotating since the
last long-term ACF analysis, or that at least its rotatioral rar_ has changed
significantly, should not be excluded from consideration in evalv_ting these
ACFIs. To establish the existence of the possible rotation of Echo II and

to ascertain the rotational rate with statisticall_ significant accuracy, it
is necessary to obtain mon ostatica]_ reflectec, signals that are uninter-
rupted for ten thanes the duration of one rotational period; in the present
case this requirement means several 15-minute periods of uninterrupted
signal strength recording.

IV. SUMMARY

The purpose of th_s report [e to present the long-term aucocorrelation
function of Echo-reflected signals and to analyze these in o: 'er to ascertaLu
possible long-term perfodic'ty in the received signals. Accordingly, data
collected on five Echo !i revolutions were analyzed; these data were repre-
sentative of all ,data collected on recent Echo II revolutions (2000 - 3500).
Data coliec_ed on wo Echo I revolutions have also been included. These

were selected from the same period during which the Echo II revolutions

occurred. The data corresponding to the received signal level was digitized
at the rate of five samples per second, linearized, and the ACF was obtained

from the linearized data with the aid of a computer. The c mputer outputs
were graphed and further processed for easy evaluation of any periodicity
in the prepared ACF_s. No apparent periodicity has been found in these
ACFfs. This finding, however, does not contradict ea:iier ones s because

of (a) different sample lengths, (b)different reflecting configurations at
the satellites, and (c) the possibility of changes in the rotation rate of Echo
II since the earlier ACF analysis. Recommendations are made for obtain-
ing statistically significant results about the possible rotation rate of the
Echo satellites.
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(a)

f(t) , _b(r)
ii, l ___..__t _"

I I

(b)

i ___,_,T_ <_o(r) _ .r,_ I

Pi I
(c)

Fig. Z. Illustration of the procedure of removing the
_ri_ngular function superimposed on the ACF

when "rm_: = T.

6

1966087655-012



o,J

I,-'4

"" o o
0 u _o

n- u3 O0 0 ,-_
OJ 0 0

0 C_I_\ _1j _ 0I! _ °p4

m _
o

_ Cu

cl N
o

_ u
- E o

- _

- _,_
o _

/ - .
' , _..41 I i i i i I i _

01 , I --.,
i - d d d o d d d d d o

1

?

t,

1966087655-013



1966087655-014



i 9

1966087655-015



lO

1966087655-016



,°l

0.9_

0.8 EchoTr Revolution 3483
T = i98 Seconds

/

0.7 AT • Second
\

0.6-- "_
_(T) \

0._ m

0.4m

0.3 m

0.2--

0.1F
|

oI I ! I
0 I00 200

Time De!ey r (Seconds)
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Fig. 13. The long-term autocorre_ation function of

I_cho I_I-reflectedsignals. Triangular
lunctior_removed.
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